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1 ULTRASONIC TESTING SYSTEM AND METHOD 

2 FIELD OF THE INVENTION 

3 The present invention zelates generally to the field of non-destructive testing 

4 and, more particularly, to a method and apparatus for cleaning and inspecting 

5 tubulars, including inspecting for flaws in pipe sequentially using pulse echo and time 

6 offlightdifl&action(TOFD). 

7 BACKGROUND OF THE INVENTION 

8 There has long been a need for methods of cleaning and inspecting tubulars, 

9 particularly ofGshore riser pipe, on site. Typical methods used today include 

1 0 disassembling the riser pipe firom a rig, transporting the riser pipe to a yard, and ihcre 

1 1 conducting inspection and testing of the tubular using well known techniques. Such 

12 a method is not only expensive and time consuming, but also very disruptive of 

13 normal operations on the rig. 

14 Thus, there remain aneed for a system and method of inspecting tubulars on 

15 site to TninimiTe dowu time of the rig, and to save the costs of transporting and 

1 6 returning the tubulars under inspection. 

1 7 Even the techniques used at the yard for the testing and inspection of tubulars 

1 8 have certain drawbacks. Various techniques have been developed to detect flaws in 

19 structures, particularly welds in sudi structures. The ability to detect flaws in 

20 stnictures such as tubidars in drilling and production rigs and pipdines is especi 

21 critical before any catastrophic &ilure occurs. 

22 Ultrasonic testing of metal structures has proved to an effective and practical 

23 tool for nondestructive testing (NDT). Known ultrasonic techniques typically yield 

24 reliable examination results. However, some geometries make known ultrasonic 

25 techniques difScult or even impossible to apply, or yield inaccurate results. 
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1 One technique that has gained common, accept^ce in the NDT field is 

2 refenred to as the echodynamic technique. This technique consists of measuring the 

3 duration of the defect echo in axial or circumferential tube direction vAiea the 

4 ultrasonic iHX)be (in pulse-echo mode) is moved over the defect Such a defect may 

5 involve slag, porosity, stress cracking, or other anomalies fiom the anticipated metal 

6 grain structure. In the pulse-edio mode, the dep& of a defect is calculated from the 

7 probe displacement distance at vAdch a defect echo was picked up. To detect the 

8 defect, the amplitude of the defect echo should be above noise level. However, many 

9 defects that are of particular concern escape detection if they are oriented in a 

1 0 particular way relative to the applied pulse echo, because this technique relies on the 

11 refiecdvity of the defect In fact, the pulse echo technique is used in the present 

12 invention for corrosion miqypiiig in detemiining pipe waU t^ However, as 

13 previously described, the pulse echo techniquemayniiss certain flaws, and this fiict 

14 has lead to the development of other testing techniques. 

15 The Time of Flig^ DiG&action technique (TOFD) was developed by flie 

16 AEA's Harwell Laboratory ia Britain in the mid seventies as amethod of accurately 

17 sizing and monitoring the through-wall height of in-service flaws in the nuclear 

18 industry. For weld infection, it was quickly recognized that the method was equally 

19 effective for the detection of flaws, irrespective of type or orientation of the flaw, 

20 since TOFD does not rely on tiie reflectivity of the flaw. Radier, TOFD detects the 

21 difGracted sound initiating fiom the tips of the flaw. 

22 In TOFD, a transmitting probe emits a short burst of sound energy into a 

23 niaterial and the sound energy ^>reads out and propagates in an angularly Some 

24 of the ^ergy is reflected flom the flaw but some of the energy is incident to the flaw 

25 and is difi&acted away from the flaw. A fiaction of this dif&acted sound travels 

26 toward a receiving probe. The dif&acted signals which are received by the receiving 

27 probe are time resolved using simple geometry calculations and are graphically 

28 displayed in a grey scale form. 
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1 While the TOFD technique has proved effective for many geometries, there 

2 remains a need for a method and system for detection of flaws from within a 

3 cylmdrical structure, such as a pipe or riser stanchion. The present mvention is 

4 beUeved to be the first structure and method of NDT using TOFD fiom within a 

5 tubular such as a riser pipe. 

6 SUMMARY OF THE INVENTION 

7 Ttepresentinventionaddresseslheseandotherneedsinthenon-destructive 

8 testing art by providing a comprehcnsivB system for the cleaning, m^ 

9 testing of tubulais, pariiculariy riser pipes. In a jBrst aspect of the present mvention, 

10 a metJ»od of inspecting a tubular comprises deaning,visuaUyinsp^ 

11 mappmg,andTOFDtestingthetubuIar. The present invention is also adapted for use 

12 withnewconstructioninwhichthecleaningstepmaynotbenecessarymsomecases. 

13 In another aspect of the invention, a specially designed or adapted tool is provided 

14 for each of the steps of the method. 

15 Ttest^ofcleaningthemsideofthetubuIarmcludespr&-wetting,ifdesired, 

16 toremoveloosedehrisandtosoflBndrieddrillmgfluidsandotfaermaterials. Anair 

17 motor drivenwirehnishwithanalignmenttool is then pufledorpushedthroughlhe 

18 tubular. For smaU lines, wWch may include weld material protrudmg mto the 

19 <yl™«Wcal!5)ace, a cuttmg tool is also provided to precede Aewi^ 

20 brush may also be followed by a jet spray of water to wash away cuttings, rust, and 

21 dust 

22 The step of visual inspection comprises moving a camera throu^out the 

23 tubxilar. A digital linear placement transducer, referred to as an encoder, is provided 

24 to precisely locate the camera within the tubular. The cameraprovides a video signal 

25 to a conq)uter and to a recorder for a permanent record, 

26 The step of corrosion mappmg enqiloys a pulse edio system to m^ wall 

27 thidmess of the tubular. A drive system is provided to move the tool holding the 

28 echo probes through the tubular, and the computer once agam makes a record 
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1 of fhe moping. FinaUy, a TOFD system is provided to detect flaws in the tubu^ 

2 seam and girdi welds, such as in-service defects, stress and &tigue craddng, 

3 corrosion, erosion, weld fabrication defects, lack of fusion (LOF), slag porosity, and 

4 o&iGr defects. 

5 These and other features of the invoidon will be apparent to those skilled in 

6 the art £rom a review of the follo^wing description along with the accompanying 

7 drawings. 

8 BRIEF DESCRIPTION OF THE DRAWINGS 

9 Figure laisaside view in partial section of a cleaning system in accordance 

10 wifli this invention for cleaning a large ID pipe, such as a 21" ID main riser pipe. 

11 Figure lb is an end view of the cleaning system of Figure la. 

12 Figure 2 is a side view in partial section of a cleaning system for cleaning 

13 smaller ID pipe, such as 3** and 4" pipes. 

1 4 Figure 3 a is a side view in partial section of a system for tibie visual inspection 

15 ofthe larger diameter pipe. 

16 Figure 3b is an end view of the visual inspection system of Figure 3a. 

1 7 Figure 4a is a side view in partial section of a syst^ for the visual inspection 

18 of smaU ID pipe, such as for a 3" or 4" nominal ID pipe. 

19 Figure 4b is an end view of the visual inspection system of Figure 4a, 

20 Figure 5a is a side view in partial section of a system for performing corrosion 

21 mapping inspection of a large diameter pipe. 

22 Figure Sb is an end view of the system of Figure 5 a. 

23 Figure Sc is a side section view of corrosion mapping tool suitable for use in 

24 the inspection system of Figures Sa and Sb. 

25 Figure 6a is a side view in partial section of a system for performing corrosion 

26 mapping inspection of a small diameter tubular. 

27 Figure 6b is an end view of flie system of Figure 6a. 
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1 Figures 6c and 6d are side section views of corroMon mappiiig tools for 3" 

2 and 4" nominal ID tubulars, respectively, suitable for use in the system of Figures 6a 

3 and 6b. 

4 Figure 7 is a side view in partial section of a preferred system for per forming 

5 TOFD testing of a large diameter p^. 

6 Fig'TOSaisaadeviewinpartialsectionofaprefeniedsystemforpeifemung 

7 TOFD testing ofa small diameter tubular. 

8 Figures 8b and 8c are adesectianviewsofTOFD tools for performing testing 

9 of 4" and 3 " tubulars, respectively, suitable for use wifli tiie system of Figure 8a. 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

1 1 The present invention includes a system for the inspection of tubulars and a 

12 method of conducting such an inspection using the system. The system of the 

13 invention includes the systems for carrying out the various stages of inspection, as 

14 weU as the tools wMch have been designed or qpecially adapted for the inspection. 

15 The method oftheinvraition comprises pinnarily four steps: (1) cleaning; (2) visual 

16 inspection; (3) corrosion m^jping; and (4) TOFD inspection. The foUowing 

17 description foUows through the four stqjsofthemetho^wilh the structure described 

18 during each step. 

19 Cleaning 

20 Figures 1 and la show the arrangement for cleaning the maip^ 21 " ID riser 

2 1 pipe 10. At one end of the pipe 10 is coxq>led a winch assembly 12 driven by a winch 

22 motor 14 and the winch assembly 12 is adapted for mounting to a flange 16 of the 

23 pipe 10. A wire line 18 is wound on a winch spool 20, enough wire line to readi the 

24 entire length ofthe pipe 10. The end of the we line 18 terminates in a swivel 22, 

25 v»*ich coiq)les to a cleaning tool 24. As used herem, flie term "drawing system" 

26 refeis to the mechanism for dravving the cleaning tool througji the pipe, and includes 

27 the wmch assembly 12, the winch motor 14, and the wire line 18. 



5 



wo 2002/044709 



PCT/US2001/051194 



1 On the opposite end of the pipe 10 is mouiited.a drive mechanism 26 to 

2 actuate the cleaning tool 24. The drive mechanism 26 includes a motor mount 28 on 

3 i?vfaich is mounted an air motor 30. The motor mount 28 also includes at least two 

4 guide bars 32 vMch slidingly extend into amdliaiy lines 34 and the guide bais aie 

5 preferably about 3.5 feet long. The air motor 30 is iHX)vided with an air supply 36, 

6 vAdx^ may be any available air supply of about 120 psi. Coupled to the drive shaft 

7 offlieairmotorisadrivetube38, v^chispreferablymadeiq) of 3* sections, and the 

8 sections of drive tube 38 may be quickly and easily made up with couplings 40. The 

9 end of the drive ami or tube 38 opposite the drive motor 30 is coiipled to the cleaning 

10 tool24. The cleaning tool 24 includes apakofwire brushes 42 and 44, separated by 

11 a centralizer ring 46, which maintains Ihe cleaning tool in alignment within tiie pipe 

12 10 to ensure complete circumferential cleaning of the inside of the pipe. Finally, 

13 speed control for the air motor 30 is provided by an air regulator and diyer 48 for 

14 conq)lete control of &e cleaning operatioiL 

15 To begm the procedure of cleaning the inside of the main pipe 10, the inside 

16 of tiiie pipo is jBrst flushed, preferably with potable water, to remove loose debris and 

17 to pre-wet any dried drilling mud for ease of removal by the cleaning tool 24. Next, 

18 the motor mount 28 is installed by sliding the guide bars into the auxiliary tubes. 

19 With the guide bars fiiUy inserted, the position of the air motor can be adjusted to 

20 center the axis of rotation of the motor output sliaft to account for variations in the 

21 positioning ofthe auxiliary pipes. The mounting assembly is then pulled back out 

22 (about 3 .5 feet), and the first section of drive tube 38 is installed on the motor drive. 

23 This provides suffident clearance for the cleaning tool 24 on the end ofthe first 

24 section of drive tiibe 38. The cleaning tool is tbea placed inside the ead ofthe maiTi 

25 pipe 10. Next, the air line 36 is connected to the motor and the air regulator 48 is 

26 adjusted to zero. The air pressure is then slowly increased until the cleaning tool 24 

27 just starts to turn. Note that due to the coefBcioitoffdction, more air pressure will 

28 be required to start turning the tool than is required to keep the tool turning. 
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1 The cleaning tool can then be manually run into the pipe for cleaning the first 

2 portion. Alternatively, the wire line 18 can be pushed through the pipe 10 and 

3 connected to the svdvel 22 prior to niaking iq> the tool to the air moto^^ With this 

4 setup, the winch ciotor is used to puU the cleaning tool tiiroug^ Whenthe 

5 motor mount 28 contacte the end of the pipe, the air supply 36 is shut of^ and the 

6 mount 28 is pulled back to provide enougih clearance to attached another 3' section 

7 ofdiiVetubeSS. The procedure is repeated until the entire length ofthe pipe 10 has 

8 been cleaned willitiie cleaning tool. The process is completed by flushing the pipe 

9 with water imtil the water at the other end ofthe pipe is clear of debri$, 

10 Another setiq) is reqtuied for cleaning the smaUer aindliaiy pipes. Figure 2 

1 1 depicts the arrangement for cleaning such smaller diameter 3 and 4 inch nominal ID 

12 pipes, \>^chniay otherwise be refenred to herein as tubulars or lines. These are, for 

13 example, a (^ke and kiU line 50 and a mud booster line 52, respective^^^ Asimilar 

1 4 arrangement is used for cleaning both lines, and the cleaning tool conq>rises a cutting 

15 or grinding tool 54 wliich is used primarily to remove welds which extend down into 

16 the lines 50 and 52. Removing the protnKiing welds ^isures that the itispectiont^ 

1 7 which are later to be used have room to travel fieely through the pipes. 

18 Immediately behind the cutting tool 54 is a wire brush 56 for removing rust 

19 and loose debris £rom the inside of the pipe. Immediately behind the wire brush 56 

20 is a centralizing sleeve 58, preferably made of a hard plastic or other appropriate 

21 material, to align the cutting tool 54 and the wire brush 56. The cutting tool, wire 

22 brush, and centralizing sleeve are all coaxially mounted to a drive shaft 60 which is 

23 coupled to an air motor 62 for high speed rotation ofthe coaxially mounted tools. 

24 Thea]rmotor62ispn>videdwitfai»ressurizedairfromarigak 

25 is provided with a valve 66 \^ch provides both positive shutofT and speed control 

26 by controlling air pressure to the air motor 62. On a common line with the rig air 

27 supply line 64 is a water supply line 68 i^ch provides water underpressure to water 

28 jet nozzle 70 vMck washes rust, dust, and other debris forward through the pipe. 
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1 Visual Inspection 

2 Figures 3a azid 3b depict a structure for visual inspection of the interior 

3 sur&ceofthemainpipelO. An alternative means for visual inspection uses a camera 

4 mounted on a TOFD tool, described below. 

5 The structure of Figure 3a includes a camera carrier 72 on which is mounted 

6 a camera 74 having a wide angle lens for complete circumferential viewing of the 

7 Ulterior of the pipe. The carrier 72 is retained securely centered within the pipe 10 

8 with a plurality of spring loaded whools 76. The carrier witii camera mounted 

9 thereon is drawn through the pipe with a harness 78 coupled to the carrier with swivel 

10 mounts 80, The hamess 78 is joined to the wire line 18 wound onto the winch 20 

1 1 spool, as previously described. 

1 2 The camera 74 provides a signal over a signal line 82 to a television and video 

13 cassette recorder 84 and a conq>uter 86 to provide real time viewing of the camera 

14 view and to provide arecordofthe visual inspection. The signal line 82 is preferably 

15 taken up on a take-iq> reel 88 to keiBp the slack out of the signal line 92 during the 

16 inspection. As the whe line 18 is taken iq> by the winch, it passes through a digi^ 

17 linear placement transducer or encoder 90, which is simply an idler of precisely 

1 8 known diameter so that the position of the carrier 72 along the longitudinal direction 

19 of the tubular is known. The encoder 90 is coupled to the computer 86 by a signal 

20 line 92. The encoder may alternatively be moxmted to the carrier 72, and the signal 

21 line 92 niay then be included with the signal line 82. 

22 B ecause of constricted space, a different structure is called for when viewing 

23 the interior sur&ce of the smaller lines 34, as depicted in Figures 4a and 4b. A 

24 similar arrangement is provided for the inspection of botii 3" and 4" lines. The 

25 S3rstem of Figures 4a and 4b uses the same mounting for the winch as previously 

26 described, but now it can be seen that the winch is rotatable on its mount so that the 

27 wire line 18 may be directed onto a line 34. 

28 The camera 74 is mounted to a centralizer sleeve 94, which is coupled to the 

29 wire line 18 with a swivel mount 96. The centralizer sleeve adapts the same camera 

8 
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1 to different ID auxiliary lines. The signal from the camera 74 is provided over the 

2 signal line 82 to the television and recorder 84 and to the computer 86 as previously 

3 desCTibed The camera is drawn through the auxiUary line 34 by the wir^ 

4 passes over the encoder 90 so that flie longitudmal position of the camera is known 

5 atalltimes. The wke line passes over an idler puUey 98 i?*dii^ 

6 encoder 90. 

7 The purpose of the visual inspection of the intmor sur&ce is to show up any 

8 obvious sur&ee cracks or corrosion, and to provide for a more comprehensive 

9 ultrasonic inspection to follow. It irovidesflieusCT with a visual inspection record, 

10 through the recorder 84, of the assembled drilling riser joint internal pipe surfeces, 

1 1 for example, although the system and mefliod of this invention may be applicable to 

12 other tubulars. 

13 To use the visual inspection syston, the camera is installed to the appropriate 

14 sizead^ptersleeveforthelmetobeinspected,andthecameraM^ 

15 the line, starting from the box end to the pin end, for example. The cable is then 

1 6 connected to the camera, and the windi assembly is mounted to the end of the riser 

17 pipe. The wire line is coiq)led to Ihe encoder, and the remaiiiing cable coniiectio 

18 are made to the conxputer and television with recorder. The encoder is zeroed, and 

19 the image is viewed on the screoa of the television to ensure adequate picture quality. 

20 Then, using the winch, flie wire line is drawn through the tubular. The user can 

21 watch the television while making an inspection record. The procedure should then 

22 be repeated for all tubulars to be inspected. 

23 Corrosion Mopping 

24 Figures 5a, 5b, and 5c depict the structure for corrosion mapping of the 

25 intOTor of the main pipe 10. Figure 5a is a side view of a corrosion mapping tool 

26 100, constructed in accordance with the mvention, positioned within the main pipe 

27 10. Figure 5b is an end view diowirig the mounting hardware for mov^ 

28 100, and Figure 5c is a detail view of tiie corrosion mapping tool 100 itself. 
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Referring first to Figure 5c and the corrosion mapping tool 100, the tool 
comprises primarily a truncated cylinder 102 willi flanges 1 04 and 1 06 at the left and 
riigjht ends of the cylinder 102, respectively. The cylinder 102 is axially oriented 
along an axis 103, ^P^ch when in use is coaxial with the axis of the pipe 10. 
Mounted to the flange 1 04 in abutting contact is a seal plate 108 whidi is retained by 
an end plate 110, held to the flange with a set of bolts 112, for example. One such 
bolt 112 may be replaced by a lifting eye 114 to assist in transporting the tool 100, 
since the tool 100 is roughly 20" in diameter and quite heavy. At the other end of the 
cylinder 102, mounted to the flange 106, is an end plate 116, a seal plate 118, and a 
backing support ring 120, all held to the flange 106 with a set of bolts 112, for 
example. 

Note that the mounting hardware for the seal plates 108 and 118 is not the 
same for each seal plate. The end plate 110 is to the left of the seal plate 108, Le. 
away fiom the flange 104, and the end plate 116 is to the left of the seal plate 118, Le. 
in abutting contact with the flange 106. This aziangement provides support for the 
compliant seal plates whra the bend under fiiction against in the inside diameter of 
the pipe 110 when the tool 100 is drawn through the pipe. 

The end plate 116 also provides a mount for a hub 122 held to flie end plate 
116 with a plurality of bolts 124, for example. The hub receives a coiq>ling 126, 
wddch receives a water hose connection 128 (see Figure 5a). Water fiom the watCT 
hose connection 128 provides a couplant for the pulse echo signal used in the 
corrosion mapping as described below. The hub 122 also includes a water channel 
130 leading the flow of water to a flexible tube 132 which carries the water to a 
penetration 134 through the cylinder 102. Thus, the water floods an annular chamber 
135 (See Figure Sa) formed by the cylinder 102, the seal plates 108 and 118, and the 
interior diameter of the main pipe 10. 

The endplate 110 provides a mount for a cable connector 136 which receives 
a transducer signal cable 138 (See also Figure 5a) to be described below. The 
transducer signal cable 138 terminates in a pulse echo transducer 140, which is 
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1 mounted in an insert 142 \^ilich in turn is installed in the cylinder 102. It shoiild be 

2 understood that although only one transducer is shown, a plurality of transducers are 

3 used in order to provide a fidl 360° coverage to znap the entire pipe. The transducer 

4 140 jprovides a pulse echo signal to determine ymJl tiiickness of the cylinder 102 in 

5 a manner well known in the art Thecylinder 102 may also provided vdth a nipple 

6 144 to receive a lifting ring, if desired 

7 Figures 5a and 5b show the arrangement for the use of the tool 100. As 

8 previously described with regard to the cleaning of the pipe 10, the wich assembly 

9 12 is mounted at one end of the pipe 10 and the winch assembly is mounted to the 

10 flange 16. The winch is driven by a winch motor 14 and includes a winch spool 20 

1 1 upon which is wound a wire line 18, enough wire line to reach the entire length of the 

12 pipe 10. The end of the wire line 18 t^minates in ahamess 146, which coiq>les to 

13 the tool 100 with a set of swivels 148. 

14 . The traiisducer 140 provides a signal over the signal line 138 (i?^ 

15 the same signal line 82 as previously described) to tiie coixq>uter 86 to provide a 

16 record oftfae corrosion mapping inspection. The signal line 82 is preferably taken up 

17 on the take-up reel 88 to keep the slack out of the signal line 82 during the inspection. 

18 As the wire line 18 is taken up by the winch, it passes throuj^ the encoder 90 as 

19 before. Theencoderprovidesi>ositionofthetoollOOaIongthelongitudinaldirection 

20 ofthe main pipe 10. The encoder 90 is coupled to the computer 86 by the signal line 

21 92. The encoder may alternatively be mounted to the carrier 100, and the signal line 

22 92 may then be included with die signal line 82. 

23 To use the tool 100, the wire line 18 and the signal line 138 are fed through 

24 the length ofthe pipe 10. The winch assembly 12 is then mounted to the flange 16 

25 and the tool is hooked up to the signal line 138 and the connecting hose 128. The 

26 tool 100 is placed flush with the^d ofthe pipe 10, and the encoder is zeroed. Water 

27 is Hiea applied through the hose connection 128, filling the annular chamb» 135. 

28 The winch motor is then turned on, pulling the tool 100 the entire length of the pipe 

29 10 and the position of the tool 100 is known at all times &om the encoder. The 
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1 transducer provides a measuremetit of iraU ^ of the entire pipe 10, wliichis 

2 recorder by fhecompiEter 86 for later review and analysis. 

3 A siniilar arrangement is used for the corrosion ms^ping of the smalls 

4 tubulars, as shown in Figures 6a, 6b, 6c, and 6d. Refaiing first to Figures 6c and 6d, 

5 and iffefeired tool for corrosion mapping ofthe 3 "and 4" tubulars are shov^ Atool 

6 150 is adapted for use in 4** nominal ID tubulars, and a tool 152 is adapted for use in 

7 3 " nominal ID tubulars. The tools contain the same components, which are numbers 

8 ' the same in Figures 6c and 6c. Thus, the following detailed description applied to 

9 both tools. 

10 The tool (either 150 or 152) comprises primarily a cylindrical body 154, aleft 

11 end cap 156, and a right CTd cap 158. A seal retaining ring 160 is mounted to the left 

12 end c£^ 156 with a set of bolts 162, for example, and a seal retaining ring 164 is 

13 mounted to the right end cap 158 with a set of bolts 166. for exanq)le. The seal 

14 retainingring 160 holds a seal plate 168 in place, and similarly the seal retaining ring 

15 164 holds a seal plate 170 in place. The seal retaining rings 160 and 164 are 

16 preferably secured to their respective retaimng rings by a set of bolts 172. 

17 The right end cap 158 provides a mount for a nipple 174 and a hose coxmector 

18 176, providing a coimection for the water source or hose coimection 128. When 

19 pressurized, water flows through the nipple 174 into a set of flow channels 178 to 

20 flood the chamber formed by the seal rings, the cylindrical body, and the wall of the 

21 tubular. This provides a signal couplant for the pulse echo for the corrosion ni^pm^ 

22 tool. 

23 The left end cap 156 provides amount for a two ring 180 to provide a means 

24 for pulling the tool through the tubular. The left end cap 156 includes p^etrations 

25 182 through which pass signal cables 184 to carry the ultrasonic test signal from the 

26 tool. The signal cables 184 terminate at transducers 186, which are mounted in 

27 penetrations through the cylindrical body 154. It should be understood that enough 

28 transducers are provided for a complete 3 6C coverage around the circumference of 

29 the tubular. 
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1 Figures 6a and 6b illustrate the use of the tooL The system of Figures 6a uses 

2 the same mounting for the winch as previously described, and the vdndi is rotatable 

3 on ils mount so that the \vh:e line 18 may be directed onto The tool 

4 100 is drawn through the tubular 34 by the wire line, which passes over the CTLCoder 

5 90 so that the loiigitudinal position oftfae tool 100 is Imown at aUtime^^ Thewire 

6 line passes over an idler pulley 98 \^ch presses agaiost tiie encoder 90. 

7 To use the corrosion mapping tool 100, the wire line 18 and the signal cable 

8 138 are fed down through the tubular 34 to the end, where the tool 100 is attached. 

9 The tool is titien coiq)led to the wire line and signal cable, and the hose connection 

10 128 is attached. The tool is registered with the end of the tubular, and flie encoder is 

1 1 zeroed. With water pressure suppUed by the hose connection 128 to provide a 

12 couplant for the transducers, the tool is drawn all the way through tiie tubular, 

13 measuring wall thickness and providing measurements to the computer. 

14 Time of Flight Diffi^action Inspection 

1 5 The tool for performing Time of Fligiht Difl&action (TOFD) is not described 

16 in detail, because the tool may be acquired from ScanTech, 1212 Alpine Suite A, 

17 LongviewTecas 75606. Further, the TOFD technology itself was adapted j&om 

18 techniques provided by AEA Technology pic, whose registered office is at 329 

19 Harwell, Didcot, Oxfordshire OXl 1 ORA, United Kingdom. The technique wiU be 

20 described in sufficient detail for a complete understanding of the present invention. 

21 In summary, the TOFD scanner system includes a very maneuverable crawler 

22 unit with four, large diameter rare earth magnetic wheels. The magnetic wheels grip 

23 the interior sur&ce of the pipe 10 so that the crawler can be guided the entire length 

24 of the pipe. The crawler is remotely steered by the user, and the wheels include 

25 sui&ce conforming suspensioiL The crawler is motor driven, and the motor is 

26 preferably a water shielded, hi^-torque, rare earth electric motor. All wiring, 

27 including control signals and inspection signal cables are shielded. The encoder, 

28 previously described, is preferably enclosed within the crawler for precise position 



13 



wo 2002/044709 



PCT/US2001/051194 



measurement and indication. The TOFD transducens are double-gimbaled for a Ml 
range of motion. 

Figure 7 shoivs a crawler 200 canTing the TOFD S3^m in opei^ Two 
such crawlers 200 are ^own in Figure 7, in order to show inspection of a 
longitudinal weld 202 and a girfli weld 204, while the system preferably includes a 
single crawler. The crawler preferably includes a single umbilical 206, which 
includes a bi-directional signal cable 208 and a water supply Une 210. As previoxisly 
described, the water sxipply line 210 provides the water coiq>lant for the TOFD 
transducers. The signal cable 208 is preferably taken up on the take-tq> reel 88 to 
keep the slack out of the signal cable 208 during the inspection. 

The signal cable includes anumber of lines, including a video signal line 212 
fiom the on-board camera to the television and video cassette recorder 84 and the 
con^uter 86 to provide real time viewing of the camera view and to provide a record 
of the inspection. The signal cd>le 208 iurdier includes a signal line 214 fto^ 
encoder for precise position measurement and indication, a signal line 216 for 
carrying tiie TOFD signal to the computer, and a maneuvering control signal line 218 
from a remote, joystick control 220. 

In operation, the crawler 200 is driven down the pipe, and the operator views 
the interior of the pipe at tiie television monitor 84, controlling the movement of the 
crawler with the joystick control 220. Wh^ a girth weld 204 is encountered, the 
crawler is turned and driven around the drcimiference of the pipe. 

Figure 8a depicts the anaiigementfiir the peiforniance of TOFD testii^ 
smaller tubulars in accordance with this invention. Figures 8b and 8c depict the tools 
of the invention for conducting TOFD testing in 4" and 3" nominal ID tubular^, 
resqpectively. Thetoolsareid^cal, with the exception of an adapter sleeve 230 to 
adapt the tool to the larger 4" ID tubular. Thus, the following description will apply 
to both Figures 8b and 8c. 

A TOFD tool 232 comprises a body 234, a left end cover 236, and a right end 
cover 238. Within the body is a carrier and slide assembly 240, which provides a 
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1 cam action for a set of yokes 242. The yokes support a set of shoes 244 in which are 

2 mounted the TOFD transducers 246. The shoes 244 are shown in Figures 8b and 8b 

3 in the deployed position in order for the shoes to make contact with the interior 

4 sui&ce of the smaU tubular in preparation for the TOI^ The carrier and slide 

5 assCTibly 240 is moved transversely by air pressure fix>m an air cylinder 248 w^ch 

6 issuppliedfit>manipple250andairconnection252. Actuation or retraction of arod 

7 254 from the air cylinder moves the carder and slide assembly 240 back and forth, 

8 so that the yokes ride tip and down on the slides, deploying and retracting the shoes. 

9 The body also retains a connector 256 for a water connection. Thewaterfirom 

10 the water connection, as previously described, serves as a couplant for the TOFD 

11 signal. The body is fiamly connected to a drive arm 258 ^vdiich provides a me 

12 rotating the tool 232 in a rotary motion for complete circumferential coverage of the 

13 TOFDtest The drive aim 258 is ]3ieferably connected to a square tube drive means 

14 260 OFigute 8a) byremovable screws 262. At the opposite end ofthe body is a signal 

1 5 cable connector 264 for connecting the tool to the computer, preferably by way of a 

1 6 pre^amplifier 266 (Figure 8a). At the same ^d of the body is an eyebott connection 

17 268 for pulling the tool through the tubular. 

18 Figure 8a shows the use of the tool 232 in a small diameter tubular in 

19 performing the TOFD test As previously described wilii regard to the use of other 

20 tools, the wire line 18 is coupled to the eyebolt 268 and then back to the winch 

21 assembly 12 driven by a winch motor 14 and the winch assembly 12 is adapted for 

22 mounting to the flange 16. The wire line 18 is pulled over an idler puUey 98 which 

23 contacts the encoder 90 to precisely locate the tool 232 within the tubula^^ Thesignal 

24 cable 264 is wound to a takeup reel 88 to keq) slack out ofthe cable. Attheother 

25 end ofthe tubular are provided the drive means 260, a water supply coimection 270 

26 for the water coiq>lant, and an air supply connection 272 for coupling to the 

27 connection 252 (Figures 8b and 8c). 

28 To use the tool 232, the signal line 264 and the wire line 18 are fed through 

29 the tubular and connected to the tool. The air and water coimections are made up, 
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1 and rotating drive means 260 is connected Then, Ihe tool is registered i?wth the end 

2 ofthe tubular, and the encoder is zeroed The tool is the pulled through the tubular 

3 and rotated by the rotatmg drive means 260, imaging the tubular for internal flaws. 

4 The computer captures the image for later review and analysis. 

5 The principles, preferred embodiment, and mode of operation of the present 

6 invention have been described in the foregoing specification. This invention is not 

7 to be construed as limited to the particular forms disclosed, since these are regarded 

8 as illustrative rather thanrestrictive. Moreover, variations and changes may be made 

9 by those skilled in the art without departing fix>m the spirit of the invention. 
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A method of inspecting a pipe comprising the steps of: 

a. visually inspecting the inside of a pipe ivilh a camera; 

b. determining ivall thickness of the pipe with a corrosion 
mspping tool from inside the pipe; and 

c. inspecting tiie pipe for flaws withatime of fli^t diffiaction 
tool from inside the pipe. 

2. The method of claim 1, further comprising the step of cleaning the 
inside of the pipe prior to inffpecting the inside of the pipe with a camera. 

3. The method of claim 2, wherein the step of cleaning the inside of the 
pipe includes grinding the inside of the pipe to remove weld material that extends 
into flie pipe to a point inside tiie nominal ID of the pipe. 

4. The method of claim 1, further conqprising the steps of: 

a. prior to the step of visually insfpecting the inside of a pipe, 
coiq>]ing the camem to a drawing system; 

b. prior to the step of determining wall thickness of the pipe with 
the corrosion mapping tool from inside the pipe, coupling the 
corrosion mapping tool to the same drawing system as in step 
a.; and 

c. prior to the step of inspecting the pipe for flaws with the time 
of fligiht dif&action tool from inside the pipe, coupling the 
time of flight difQ:action tool to the same drawing system as 
in step a. 

5. A system for inspecting a tubular comprisiog: 
a* an inspection tool; and 



We claim: 
L 
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3 b. a drawing system coipled to fhe inspection tool witii a wiie 

4 line, the drawing system adapted to pull the inspection tool 

5 through the tubular. 

1 6. The system of claim 5, further comprising a decoder to locate the 

2 position of the inspection tool witiiin the tubular. 

1 7. The system of claim 5, wh^ein the inspection tool comprises a visual 

2 inspection tool including a camera for visual inspection of the interior of the tubular. 

8. The system of claim 5, wherein the tool comprises a corrosion 
mapping tooL 

1 9. The system of claim 5, i^erein the tool comprises a time of flig^ 

2 diffraction inspection tool. 

1 10. The system of claims, furdier comprising a cleaning tool adapted to 

2 be removably coiq>led to the drawing system. 

1 11. The system of claim 5, wherein the tool is selected ftom the groiq> 

2 consistingof a corrosion lumping tool and a tiine of ftiglit diffraction tool, each of 

3 -which is adapted to the coiQ>led to the same drawing system. 

1 12. The system of claim 10, wherein the cleaning tool compises: 

2 a a wire brush; 

3 b. a centralizer ring adjacent the wire brush; 

4 c. a drive motor for driving the wire brush in a radial direction; 
. 5 and 
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6 d. adriveamcoiq)ledtothe\rfrebrush,t^^ 

7 the drive motor. 

1 13. The system of claim 12, wherein the drive arm comprises a plurality 

2 of sections adapted to be coiipled together. 

1 14. The system of claim 12, \rtierein the cleaning tool further comprises: 

2 a. a mount on which the drive motor is mounted; and 

3 b. at least two guide bars which slidingly extend into auxiliary 

4 ^ lines adjacent the pipe. 

1 15. Thesystem of claim 10,fiirtherconaprisingarotarycutteradjacent1i^ 

2 wire brush. 

1 16. The system ofclaim 7, wherein the visual inspection tool comprises: 

2 a. a camera carrier to hold the camera, the camera carrier 

3 ad^ted to be coiq>led to the wireline; 

4 b. a pIuraHtyofspring loaded ^vtdieels to retain the carrier i^ 

5 the tubular; and 

6 c. a signal line to couple the camera to a monitor. 

1 17. The system ofclaim 7, wherein the visual inspection tool comprises: 

2 a a centralizer sleeve adapted to couple the camera to the 

3 wireline; and 

4 b. a signal line to coiq>le the camera to a monitor. 

1 18. The system ofclaim 8, \^erein the corrosionmapping tool comprise 

2 a. a substantially cylindrical body defining mutually opposed 

3 ends; 
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4 b. a flange on each oflfae ends of fhe body; 

5 c. a substantially circular seal plate on each flange; and 

6 d. a pulse echo transducer on fhe body. 

1 19. Thesysternofclainil8,fiirttiercon^rismgahubonth^ 

2 - hub including a coupling ad^ted to receive a water hose connectioiL 

1 20. The system of claim 19, furfher comprising: 

2 a. a water channel in the hub terminating at the coiipling; 

3 b. aflexibletubeinfluidcoiDmunicationwiththewaterchannel; 

4 and 

5 c. apenetrationthroughihe body; whereinthe flexible tube is in 

6 . fluid conmiunication with the penetration, and i^^in the 

7 water channel, the flexible tube, and the penetration cany 

8 water to flood an annular chamber formed by the body, the 

9 seal plates, and llie interior diameter of the tubular. 

1 21 . The system of claim 1 8, further comprising: 

2 a a cable connector on one of the flanges to receive a signal 

3 fiom the transducer; 

4 b. a signal cable to connect the cable comiector to a computer 

5 exterior the tubular. 

1 22. The system of claim 9, herein the time of flight difB:action tool 

2 comprises: 

3 a. abody; 

4 b. a left end cover; 

5 c. a right end cover; 
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6 <L carrier and slide assembly' within' Ihe body between the left 

7 and right end covers, the carrier and slide assembly including 

8 a cam sur&ce; 

9 a set ofyokes riding on and actuated by tihe cam surface; and 

10 f . a set of shoes, each shoes having a transducer mounted 

11 tiierdn. 

1 23. The system of claim 22, furtherv comprising a pneumatic actuator 

2 coupled to the carrier and slide assembly for linear movement of the rLnm surface. 

1 24. The system of claim 22, further comprising a penetation tibrough the 

2 rigiht end cov^ to receive a water couplant connection. 

1 2S. A time of fli^ dif&action tool comprising: 

2 a. a self-powered, remotely operable cravder having a plurality 

3 of magnetic \itdieels capable of holding the a:awler in contact 

4 with the interior sur&ce of a tubular 

5 b. a time of flight difGraction transducer and receiver on the 

6 crawlar; and 

7 c. an umbilical coupling the time of flight dif&action transducer 

8 and receiver to a remote monitor. 
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1 ULTRASONIC TESTING SYSTEM 

2 FIELD OF THE INVENTION 

. 3 The present invention relates generally to the field of non-destructive testing 

4 and, more particularly, to a method and apparatus for cleaning and inspecting 

5 tubulars, including inspecting for flaws in pipe sequentially using pulse echo and time 

6 offlightdifi&actionCrOFD). 

7 BACKGROUND OF THE INVENTION 

8 There has long been a need for methods of cleaning and inspecting tubulaxs, 

9 particularly ofi&hore riser pipe, on site. IVpical methods used today include 

10 disassembling the riser pipe fix>marig, transporting the riserpipe to ayard, and there 

11 conducting inspection and testing of the tubular using iveUkao^te^ Such 

12 a method is not only e3q>ensive and time consuming, but also very disnq>tive of 

1 3 normal operations on the rig. 

14 Thus, there remain a need for a system and method of inspecting tubulais on 

15 site to minimize down time of the rig, and to save the costs of transporting and 

1 6 returning the tubulars under inspection. 

1 7 Even the techniques used at the yard for the testing and inspection of tubulars 

18 have certain drawbacks. Various techniques have been developed to detect flaws in 

19 structures, particularly welds in such structures. The ability to detect flaws in 

20 structures such as tubulars in drilling ^d production rigs and pipelines is especially 

21 critical before any catastrophic &ilure occurs. 

22 Ultrasonic testing of metal structures has proved to an effective and practical 

23 tool for nondestructive testing (NDT). Known ultrasonic techniques typically yield 

24 reliable examination results. However, some geometries make known ultrasonic 

25 techniques diflBcult or even impossible to apply, or yield inaccurate results. 
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1 One technique that has gained common acceptance in the NDT field is 

2 referred to as the echodynamic technique. This technique consists of measuring tiie 

3 duration of the defect echo in axial or circumferential tube direction when the 

4 ultrasonic probe (in pulse»echo mode) is moved over the defect Such a defect may 

5 involve slag, porosity, stress cracking, or other anomalies fix>m the anticipated metal 

6 grain structure. In the pulse-echo mode, the dep^ofa defect is calculated fix>m the 

7 probe displacement distance at v/bich a defect echo was picked up. To detect the 

8 defect, the amplitude of flie defect echo ^ould be above noise level. However, many 

9 defects that are of particular concern esci^ detection if they are oriented in a 

10 particular way relative to the ^plied pulse echo, because this technique relies on the 

11 reflectivity of the defect In feet, the pulse echo technique is used in the present 

12 invention for corrosion moping in detennining pipe wall tiiickness. However, as 

13 previously described, the pulse echo technique may miss certain flaws, and this feet 

14 has lead to the development of other testing techniques. 

15 The Time of Flight Difi&action technique (TOFD) was developed by the 

1 6 AEA's Harwell Laboratory in Britain in the mid seventies as a method of accurately 

17 sizing and monitoring the through-wall height of in-service flaws in the nuclear 

18 industry. For weld inspectioii, it was quicMy recognized that the method was eqi^ 

19 effective for the detection of flaws, irrespective of type or orientation of the flaw, 

20 smce TOFD does not rely on the reflectivity of the flaw. Rather, TOFD detects the 

21 diffiacted sound initiating fiom the tips of the flaw. 

22 In TOFD, a transmitting probe emits a short burst of sound energy into a 

23 material and the sound energy spreads out and propagates in an angular beam. Some 

24 of the energy is reflected from the flaw but some of the energy is incident to the flaw 

25 and is difi&acted away fix)m the flaw. A firaction of this diffiacted sound travels 

26 toward a receiving probe. The diffracted signals which are received by the receiving 

27 probe are time resolved using simple geometry calculations and are grsqphically 

28 displayed in a grey scale form. 
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1 While the Ton) te<^qae has proved effective for many geometri 

2 remains a need for a metihod and system for detection of flaws fiom within a 

3 cylindrical stracture, such as a pipe or riser stanchion. The present invention is 

4 l>eUeved to be lliete stracture and method of l^T using TOFD fiom wilhin a 

5 tubular such as a riser pipe. 

6 SUMMARY OF THE INVENTION 

7 The present invention addresses these and other needs in the non-destructive 

8 testing art by providing a comprehensive system for the cleaning, inspection, and 

9 testing oftubulais, particularly riser pipes. In a first aspect ofthe present invention, 

10 a method of inspectmg a tubular comprises cleaning, visuaUy inspecting, corrosion 

11 mapping, and TOFDtestingthetubular.TheprBsentinventionisalsoadq>ted^ 

12 wilhnewconstructioninwMdithedeaningstepmaynotbenecessaiyin some cases. 

13 In another aq)ect ofthe mvention, a specially designed or ad^rted tool is provided 

14 for each ofthe steps of tiie method. 

The step of cleaning the mside of the tubular includes pre-wetting, if desired, 

1 6 to remove loose debris and to soften dried drilling fluids and other materials. An air 

1 7 motor driven wire brush with an aKgmnent tool is tiien pulled or pushed through the 

18 tubular. For small lines, which may include weld material protrudmg into tiie 

19 cylindricalspace,acuttingtooIisalsoprovidedtoprecedethewirebrush. Thewirc 

20 brush may also be followed by ajetspra^ofwater to wash away cuttings, rust, and 

21 dust 

22 The st«5) of visual inspection comprises moving a camera tiiroughout the 

23 tubular. A digital linear placemait transducer, refened to as an encoder, is provided 

24 topre<aselylocatethecanierawifliintiietubular. Thecamerapiovidesa^ 

25 to a compute and to a recorder for a permanent record. 

2^ The stqp of corrosion mapping employs a pulse echo system to map wall 

27 thickness of the tubular. A drive system is provided to move tiie tool holding tiie 

28 pulse echo probes through tiie tubular, and the computer once agam makes a record 
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1 of the mapping. FinaUy, a TOFD system is provided to detect flaw 

2 seam and girth welds, such as in-service defects, stress and &tigiie cracking, 

3 corrosion, erosion, weld &hrication defects, lack of fusion (LOF), slag porosity, and 

4 other defects. 

5 These and oihsr features of the invention will be apparent to those skilled in 

6 the art firom a review of the following description along with the accompanying 

7 drawings. 

8 BRIEF DESCRIPTION OF THE DRAWINGS 

9 Figure la is a side view in partial section of a cleaning system in accordance 

10 with tiiis invention for cleaning a large ID pipe, such as a 21 " ID main riser pipe. 

11 Figure lb is an end view of the cleaning systmi of Figure la. 

12 Figure 2 is a side view in partial section of a cleaning system for cleaning 

13 smaller ID pipe, such as 3" and 4" pipes. 

14 Figure 3a is a side view in partial section of a system for the visual inspection 

15 of the larger diameter pipe. 

16 Figure 3b is an end view of the visual inspection system of Figure 3a. 

1 7 Figure 4a is a side view in partial section of a system for the visual inspection 

18 ofsmall ID pipe, such as for a 3" or 4" nominal ID pipe. 

19 Figure 4b is an end view of the visual inspection system of Figure 4a. 

20 Figure 5ais aside viewin partial section of a system for performing corrosion 

21 mapping inspection ofa large diameter pipe* 

22 Figure 5b is an end view of the syst^ of Figure 5a. 

23 Figure 5c is a side section view of corrosion mapping tool suitable for use in 

24 the inspection system of Figures 5a and 5b. 

25 Figure 6a is a side view inpartial section of a system for performing corrosion 

26 mapping inspection of a small diameter tubular. 

27 Figure 6b is an end view of flie system of Figure 6a. 
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1 Figures 6c and 6d are side section views Qf corrosion mapping tools for 3" 

2 and 4 " nominal ID tubulars, respectively, suitable for use in the system of Figures 6a 

3 and 6b. 

4 Figure 7 is a side view in partial section of a preferred systaoa for performing 

5 TOFD testing of a large diameter pipe. 

6 Figure 8ais aside viewin partial section of apreferred system for performing 

7 TOFD testing of a small diameter tubular. 

8 Figures 8b and 8c are side section views of TOFD tools for performing testing 

9 of 4" and 3" tubulars, respectively, suitable for use with the system of Figure 8a 

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

1 1 The present invention includes a system for the inspection of tubulars and a 

12 method of conducting such an inspection using the system. The system of the 

13 invention includes the systems for carrying out the various stages of inspection, as 

1 4 well as tiie tools which have been designed or specially adapted for the inspection. 

15 The method of the invention comprises primarily four steps: (1) cleaning; (2) visual 

16 inspection; (3) corrosion moping; and (4) TOFD inspection. The following 

1 7 description follows through the four steps of the method, with the structure described 

1 8 during each step. 

19 Cleaning 

20 Figui^ 1 and la show the arraiigement for cleaning the niain, 21 ''ID ri^ 

21 pipelO. AtoneendofthepipelOiscoupledawinchassemblyl2drivenbyawinch 

22 motor 14 and the winch assembly 12 is ad£5)ted for mounting to a flange 16 of the 

23 pipelO. Awirelinel8iswoundonawinchspool20,enoughwirelinetoreachthe 

24 entire length ofthe pipe 10. The end of tiie \yire Ime 18 terminates in a swivel 22, 

25 which coiq)les to a cleaning tool 24. As used herein, the term "drawing system" 

26 refers to tiie mechanism for drawing the cleaning tool through the pipe, and mcludes 

27 the winch assembly 12, the winch motor 14, and the wire line 18. 
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1 On the opposite end of tbe pipe 10 is nioiinted.a drive mechanism 26 to 

2 actuate the cleaning tool 24. The drive mechanism 26 includes a motor mount 28 on 

3 vMch is mounted an air motor 30. The motor mount 28 also includes at least two 

4 guide bars 32 vMch slidingly extend into auxiliary lines 34 and the guide bars are 

5 preferably about 3.5 feet long. The air motor 30 is provided with an air svspply 36, 

6 which may be any available air sitpply of about 120 psL Coiq)led to the drive shaft 

7 ofthe air motor is a drive tube 38, wHch is pref«ably made i5)of3' sections, and the 

8 sections of drive tube 38 may be quickly and easily made up with couplings 40, The 

9 end of the drive aim or tube 38 opposite the drive motor 30 is coiq>led to the cleaning 

10 tool24« The cleaning tool 24 includes apairofwire brushes 42 axKl 44, sqiaiat^ 

11 a centralizer ring 46, i^^ch maintains llie cleaning tool in alignment within the pipe 

12 10 to ensure complete circumferential cleaning of the inside of the pipe. Finally, 

13 speed control for the air motor 30 is provided by an air regulator and dryer 48 for 

14 complete control of the cleaning operation. 

15 To begin the procedure of cleaning the inside of the main pipe 10, the inside 

16 of the pipe is first fludied, preferably with potable water, to remove loose debris and 

17 to pre-wet any dried drilling mud for ease of removal by the cleaning tool 24. Next, 

18 the motor mount 28 is installed by sliding the guide bars into the auxiliary tubes. 

19 With the guide bars ftdly inserted, the position of the air motor can be adjusted to 

20 center the axis ofrotationofihe motor ou^ut shaft to account for variati 

21 positioning ofthe auxiliary pipes. Tlie mounting assembly is then pulled back out 

22 (about 3.5 feet), and the first section of drive tube 38 is installed on the motor drive. 

23 This provides sufiQcient clearance for the cleaning tool 24 on the end of ttie first 

24 section of drive tube 38. The cleaning tool is then placed ioside the end ofthe main 

25 pipe 10. Next, the air line 36 is connected to the motor and flie air regulator 48 is 

26 adjusted to zero. The air pressure is then slowly increased until the cleaning tool 24 

27 just starts to turn. Note that due to the coeflScient of ftiction, more air piessure will 

28 be required to start turning the tool than is required to keep the tool turning. 
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1 The cleaning tool can then be manually run into the pipe for cleaning the first 

2 pordoiL Alternatively, the wire line 18 can be pushed through the pipe 10 and 

3 connected to the swivel 22 prior to making up the tool to the air moto^^ With this 

4 setup, the winch motor is used to pull the cleaning tool through the pipe. When the 

5 motor mount 28 contacts the end of the pipe, the air supply 36 is shut off, and the 

6 mount 28 is pulled back to provide enough clearance to attached another 3' section 

7 of drive tube 38. The procedure is repeated until the entire lengfli of the pipe 10 has 

8 been cleaned with the cleaning tool. The process is completed by flushing the pipe 

9 with water until the water at the other end of the pipe is clear of debri^. 

10 Another setcq) is required for cleaning the smaller auxiliary pipes. Figure2 

1 1 dqpicts the aixangement for cleaning such smaller diameter 3 and 4 inch nominal ID 

12 pipes, ^ch may othenvise be referred to herein as tubulars or lines. These are, for 

13 example, a choke and kiU line SO and a mud booster line 52, respectively^ Asimilar 

1 4 arrangement is used for cleaning both lines, and the cleaning tool comprises a cutting 

15 or grinding tool 54 which is used primarily to remove welds which extend down into 

16 the lines 50 and 52. Removing the protruding welds ensures that the inspection tools 

17 which are later to be used have room to travel freely through the pipes. 

1 8 Immediately behind the cuttmg tool 54 is a wire brush 56 for removing rust 

19 and loose debris from the inside of die pipe. Immediately behind the wire brush 56 

20 is a cenlralizmg sleeve 58, preferably made of a hard plastic or other ^propriate 

21 material, to align the cutting tool 54 and the wire brush 56. The cutting tool, wire 

22 brush, and centralizmg sleeve are all coaxially mounted to a drive shaft 60 which is 

23 coupled to an air noiotor 62 for high speed rotation of the coaxially mounted tools. 

24 The air motor 62 is provided with pressurized air from a rig air supply line 64 

25 is provided with a valve 66 which provides both positive shutoff and speed control 

26 by controlling air pressure to the air motor 62. On a conunon line with the rig air 

27 supply line 64 is a water siqjply line 68 v^iiich provides water under pressure to water 

28 jet nozzle 70 which washes rus^ dust, and other debris forward through the pipe. 
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1 Visual Inspection 

2 Figures 3a and 3b depict a structure for visual inspection of the interior 

3 sur&ceoffhe main pipe 10. An alternative means for visual inspection uses a camera 

4 mounted on a TOFD tool, described below. 

5 The structure of Figure 3a includes a camera carrier 72 on which is mounted 

6 a camera 74 having a wide angle lens for complete circimiferential viewing of the 

7 interior of the pipe. The carrier 72 is retained securely centered within the pipe 10 

8 with a plurality of spring loaded wheels 76. The carrier with camera mounted 

9 thereonis drawn through1iiepii>e wiflh ahamess 78 coupled to flie carrier with swivel 

10 mountsSO. The haniess 78 is joined to the wire Ime 18 wound onto the win^ 

1 1 spool, as previously described. 

12 The camera 74 provides a signal over asignal line 82 to atelevisionand video 

13 cassette recorder 84 and a computer 86 to provide real time viewing of the camera 

14 view and to provide a record ofthe visual inspection. The signal line 82 is preferably 

15 taken up on a take-up reel 88 to keep tiie slack out ofthe signal line 82 during the 

16 inspection. As the wire line 18 is taken up by the winch, it passes through a digital 

17 linear placement transducer or encoder 90, which is simply an idler of precisely 

1 8 known diameter so that the position ofthe carrier 72 along the longitudinal direction 

19 ofthe tubular is known. The encoder 90 is coupled to tiie conqput^ 86 by a signal 

20 line92. The encoder may alternatively be mounted to the carrier'^, and the signal 

21 line 92 may then be included witii (he signal line 82. 

22 B ecause of constricted ^>ace, a different structure is called for vsdien viewing 

23 the interior surfece of the smalls lines 34, as depicted in Figures 4a and 4b. A 

24 similar arrangement is provided for the inspection of both 3" and 4" lines. The 

25 system of Figures 4a and 4b uses tiie same mounting for the winch as previously 

26 described, but now it can be seen that the winch is lotatable on its mount so that the 

27 wire line 18 may be directed onto a line 34. 

2 8 The camera 74 is mounted to a centralizer sleeve 94, vAdch is coupled to the 

29 wire line 18 widi a swivel mount 96. The centralizer sleeve adapts the same camera 
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1 to diffeent ID auxiliary lines. The signal fix)m the camera 74 is provided over the 

2 signal line 82 to the television and recorder 84 and to the coxxxputesjc 8 6 as previously 

3 described. ThecanieraisdrawnthrougJitheauxiKaiyline34bythe\^ 

4 passes over the encoder 90 so that the longitudinal position of the camera is known 

5 atalltimes. The wire line passes over an idler puUey 98 Tirfiich presses agai^ 

6 eDcodGT90. 

7 The purpose of the visual inspection of the interior surfece is to show up any 

8 obvioxis surface cracks or corrosion, and to provide for a more comprehensive 

9 ultrasonic inspection to follow. It provides the user with a visual inspection record, 

1 0 througji the recorder 84, of the assembled driUmg riser joint internal pipe surfeces, 

1 1 for exBxnplc^ although the sfystem and method of this invention may be ^licable to 

12 other tubulars. 

13 To use the visual mspection ^stem, the camera is installed to the fi p piy>pr ia t g 

1 4 size ad^ter sleeve for the line to be inspected, and the camem cable is fidied throu^ 

15 the line, starting from the box end to the pin end, for example. The cable is then 

16 connected to the camera, and the winch assembly is mounted to the end of the riser 

17 pipe. The wire line is coiq)led to the encoder, and the remainmg cable connections 

18 are made to the computer and television with recorder. The encoder is zeroed, and 

19 theimageis viewedonthescremofthetelevisionto ensure adequate picture quality. 

20 Then, using the winch, the wire line is drawn through the tubular. The user can 

21 watch the television while iiiaking an inspection record. Tlie procedure should tfam 

22 be repeated for all tubulars to be inspected. 

23 Corrosion Mapping 

24 Figures 5a, 5b, and 5c depict the structure for corrosion mapping of the 

25 interior of the main pipe 10. Figure 5a is a side view of a corrosion mapping tool 

26 100, constructed in accordance with the invention, positioned within the main pipe 

27 10. Figure 5b is an end view showing the moimting hardware for moving the tool 

28 100, and Figure 5c is a detail view of the corrosion mapping tool 100 itself. 
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1 Referring first to Figure 5c and tiie corrosion mapping tool 100, the tool 

2 comprises primarily a truncated cylinder 102 with flanges 104 and 106 at the left and 

3 r^ ends of the cylinder 102, respectively. The cylinder 102 is axially oriented 

4 along an axis 103, which v/hen in use is coaxial with the axis of the pipe 10. 

5 Mounted to the flange 104 in abutting contact is a seal plate 108 which is retained by 

6 an end plate 110, held to the flange wilh a set of bolts 112, for example. One such 

7 bolt 112 Daay be replaced by alifling eye 114 to assist in transporting the tool 100, 

8 since the tool 100 is roug^y 20** in diameter and quite heavy. Attiieotherendofihe 

9 cylinder 102, mounted to the flange 106, is an end plate 116, a seal plate 118, and a 

10 backmg support ring 120, all held to die flange 106 with a set of bolts 112, for 

11 example. 

12 Note that the mounting hardware for the seal plates 108 and 118 is not the 

13 same for each seal plate. The end plate 110 is to the left of the seal plate 108, le. 

14 away fiom die flange 104, and the end plate 116 is to the left of the seal plate 118, f. e. 

15 in abutting contact with the flange 106. This arrangement provides support for the 

16 compliant seal plates when the bend under Motion against in the inside diameter of 

17 die pipe 110 when die tool 100 is drawn through the pipe. 

18 The end plate 116 also provides amount for ahub 122 held to the end plate 

19 116 wifli a plurality of bolts 124, for example. The hub receives a coupling 126, 

20 wMch receives a water hose conziection 128 (see Figure Sa). Water fix>m the water 

21 hose connection 128 provides a couplant for the pulse echo signal used in the 

22 corrosion mapping as described below. The hub 122 also includes a water channel 

23 130 leading the flow of water to a flexible tube 132 \^ch carries the water to a 

24 penetration 134 through the cylinder 102. Thus, die water floods an annular chamber 

25 135 (See Figure 5a) formed by the cylinder 102, flie seal plates 108 and 118, and the 

26 interior diametCT of the main pipe 10. 

27 Theendplate 110 provides a mount for a cable connector 136 vdiich receives 

28 a transducer signal cable 138 (See also Figure 5a) to be described below. The 

29 transducer signal cable 138 tenninates in a pulse echo transducer 140, which is 

10 
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mounted in an insert 1 42 which in turn is instaUed in flie cylinder 102. It should be 
undastood that although only one transducer is shown,apluraMty of tr^^ 
usedinoidert»pix)YideafuU360°coveragetoniJ5)flieentirepipe. Hie transducer 
140 provides a pulse echo signal to detennine waU thickness of the cylinder 102 in 

amannerwellknownintheart Thecylinder 102 may also provided with a nipple 
144 to receive a lifting ring, if desired. 

Figures 5a and 5b show the arrangement for the use of the tool 100. As 
previously described with regard to the cleaning of the pipe 10, the winch assembly 
12 is mounted at one end of the pipe 10 and the winch assembly is mounted to the 
flangel6. The wmch is driven by a winch motor 14 and includes a winch spool 20 
iq)on wMch is wound a wire Ime 18, eMugh wire line to reach the entire lei^ 

pipelO. The end ofthe wire line 18 tenninates in a harness 146, which coi5)Ies to 
the tool 100 with a set of swivels 148. 

• The transducer 140 piTovides a signal over the signal line 138 (which may be 
the same signal line 82 as previously described) to the computer 86 to provide a 
recordofthecorrosionmappinginspection. The signal line 82 is preferably taken up 
on the take-up reel 88 to keep the slack out of the signalline 82 during the inspection. 
As the wire line 18 is taken Mp by the winch, it passes through the encoder 90 as 
before. TheencoderprovidespositionofthetoollOOalong&elongitudinaldirection 
ofthe main pipe 10. The encoder 90 is coi9)led to the conqmter 86 by the signal line 
92. TheencodermayaltemativelybemountedtothecanierlOO,andthesignaIline 
92 nuQT then be included with the signal line 

To use the tool 100, the wire line 18 and the signal line 138 are fed through 
the length ofthe pipe 10. Thewhjchasseibly 12 is then mounted to the flange 16 
and the tool is hooked iq> to the signal line 138 and the connectmg hose 128. The 
tool 100 is placed flush withthe^id of the pipe 10, and the encoder is zeroed. Water 
is then appKed through the hose connection 128, filling the annular chamber 135. 
The winch motor is then turned on, pulling the tool 100 the entire lengfli ofthe pipe 
10 and the position ofthe tool 100 is known at all times fiom the encoder. The 
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1 transducer provides ameasurementofvrafl thickness of the 

2 recorder by tiie computer 86 for later review and analysis. 

3 A similar arrangement is used for tiie corrosion mapping of flie smaller 

4 tubulars, as shown in Figures 6a, 6b, 6c, and 6d. Referring first to Figures 6c and 6d, 

5 andprefeniedtoolforcorrosionmappingoftlie3"and4"tubularsare shown. Atool 

6 150 is ad^ted for use in 4" nominal ID tubulars, and a tool 152 is adapted for use in 

7 3" nominal ID tubulars. The tools contain the same conq)onents, vMcb are numbers 

8 the same in Figures 6c and 6c. Thus, the foUowing detailed description appHed to 

9 boHi tools. 

10 The tool (either 150 or 152) coniprisespriniarily a cylindrical body 154,al^ 

11 end cap 156, and a right end cap 158. A seal retaining ring 160 is mounted to the left 

12 end c^ 156 with a set of bolts 162, for example, and a seal retaining ring 164 is 

13 mounted to the right end 0^158 with a set of bolts 166. for example. The seal 

14 retaining ring 160 holds a seal plate 168 in place, and similarly the seal retaining ring 

15 164 holds a seal plate 170 in place. The seal retaining rings 160 and 164 are 

16 pref^ably secured to their respective retaining rings by a set of bolts 172. 

^"^ Therightendcapl58providesamountforanipplel74andahoseconnector 

18 176, providing a connection for the water source or hose connection 128. When 

19 pressurized, water flows through the nipple 174 into a set offlow channels 178 to 

20 flood the chamber formed by the seal rings, the cylindrical body, and the waU of the 

21 tubular. Ihisprovidesasignalcouplantforthepulseechofortheconosionmapping 

22 tool. 

23 The left aid cap 156 provides a mount for a two ring 180 to provide a means 

24 for pulling the tool through the tubular. The left end c^ 156 includes penetrations 

25 182 through which pass signal cables 184 to carry the ultrasonic test signal fiom the 

26 fa)ol. The signal cables 184 terminate at transducecs 186, vMch are mounted in 

27 penetrations through the cylindrical body 154, It should be understood that enough 

28 transducers are provided for a complete 360° coverage around tiie ciicumference of 

29 the tubular. 

12 
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1 Figures 6a and 6b illustrate the use of the tool. The system ofFigures 6a uses 

2 the same mounting fi)r the wiiush as previously 

3 an its mount so that the vnre line 18 may be directed onto the tubular 34. Thetool 

4 100isdrawaithroughthetubular34bythe\wreline,T;\«richpassesoverthe 

5 90 so that the longitudinal position of the tool 100 is known at all times. The wire 

6 line passes over an idler pulley 98 v/bich presses agamst the encoder 90. 

7 To use tiie corrosion mapping tool 100, the wire line 18 and the signal cable 

8 138 are fed down through the tubular 34 to the end, y/here the tool 100 is attached. 

9 The tool is then coupled to the w»e Ime and signal cable, and the hose connection 

10 128 is attached. The tool is registered with the end ofthe tubular, and the encoder is 

11 zeroed. With water pressure supplied by the hose connection 128 to provide a 

12 coiq>]ant for ftxs transducers, the tool is drawn all fhe way Oroutgh ibe tubular, 

13 measuring wall thickness and providing measuronents to tilie computer. 

14 Tone of Might mjffraaUmlnspeaion 

1 5 The tool for performing Time of Flight Diffraction (TOFD) is not described 

16 m detail, because the tool may be acquired fix>m ScanTech, 1212 Alpine Suite A, 

17 Longview Texas 75606. Further, the TOFD technology itself was adq)ted from 

18 techniques provided by AEA Technology pic, vAiosq registered office is at 329 

19 HarweU, Didcot, Oxfordshhe OXl 1 ORA, United Kmgdom. The technique will be 

20 described in sufl&cient detail for a complete understanding of the present invention. 

21 hisumniary,tiieTOFDscanneTsystemincludesaverymaneuvetablecrawler 

22 unit widi four, large diameterrareearthmagneticvdieels. The magnetic y^ls grip 

23 the interior sur&ceoflfae pipe 10 so that the crawler can be guided the entire length 

24 of the pipe. The crawler is remotely steered by the user, and the wheels include 

25 sui&ce conforming susp^on. The crawler is motor driven, and the motor is 

26 prefenably a watar shielded, high-torque, rare earfli electric motor. All wiring, 

27 including control signals and inspection signal cables are shielded. The encoder, 

28 previously described, is preferably enclosed withm the crawler for precise position 
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1 xneasurement and indication. TheTOFDlraiisdiicersaiedouble-gimbaledfor 

2 range of motion. 

3 Figure 7 shows a crawler 200 carrying the TOFD system in operati^^ Two 

4 such crawlers 200 are shown in Figure 7, in order to show inspection of a 

5 longitudinal weld 202 and a girth weld 204, while the system piefCTably includes a 

6 single crawls. The crawler preferably includes a single umbilical 206, which 

7 includes a bi-directional signal cable 208 and a water supply line 210, As previously 

8 described, the water supply line 210 provides the water couplant for the TOFD 

9 transducers. The signal cable 208 is preforably taken up on the take-up reel 88 to 

10 keep the slack out of the signal cable 208 during the inspection. 

1 1 The signal cable includes a number of lines, including a video signal line 212 

12 from the on-board camera to the television and video cassette recorder 84 and tiie 

13 computer 86 to provide real time viewing of the camera view and to provide a record 

14 of the inspection. The signal cable 208 further includes a signal line 214 from the 

15 encoder for precise position measur^nent and indication, a signal line 216 for 

1 6 carrying the TOFD signal to the computer, and a maneuvering control signal line 218 

17 from a remote, joystick control 220. 

18 In operatioii, the crawler 200 is driven down the pipe, and the operator vie^ 

19 tiie interior of the pipe at the television monitor 84, controlling the movement of the 

20 crawler with the joystick control 220. Whai a girfh weld 204 is encountered, the 

21 crawler is turned and driven around the circumference of the pq>e. 

22 Figure 8a depicts the arrangement for the performance of TOFD testing in 

23 smaller tubiilars in accordance with this invention. Figures 8b and 8c depict the tools 

24 of the invention for conducting TOFD testing in 4" and 3" nominal ID tubulars, 

25 respectively. The tools are identical, with the exception of an adapter sleeve 230 to 

26 adapt the tool to the larger 4" ID tubular. Thus, the following description will ^ly 

27 to both Figures 8b and 8c. 

28 A TOFD tool 232 comprises a body 234, a left end cover 236, and aright end 

29 cover 238. Within the body is a canier and sUde assembly 240, vidiich provides a 
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1 cam action for a set of yokes 242. The yokes support a set of shoes 244 in which are 

2 mounted the TOFD transducers 246, The shoes 244 are shown in Figures 8b and 8b 

3 in the dqployed position in order for the shoes to make coutact with the interior 

4 surfiuseofthesmaU tubular in preparation for tiieTOFD test. The carrier and slide 

5 assembly 240 is moved transversely by air pressure from an air cylind^ 248 vMch 

6 is supplied from anipple 250 and air comiection 252. Actuation or retraction of a rod 

7 254 from the air cylinder moves the carrier and slide assembly 240 back and forth, 

8 so that the yokes ride up and down on the slides, deploying and retracting the shoes. 

9 Thebodyalsoretainsaconnector256forawaterconnectioiL Thewaterfiom 

10 the water connection, as previously described, serves as a coiq>lant for the TOFD 

11 signal. The body is fboooly connected to a drive aim 258 whi(^ provides a mean^ 

12 rotating the tool 232 in arotaiy motion for ccniiplete drcumfereutial coverage of the 

13 TOFDtest The drive arm 258 is preferably connected to a square tube drive means 

14 260 (Figure 8a) by removable screws 262. At the opposite raid offhe body is a signal 

15 cable connector 264 for comiecting the tool to the computer, preferably by way of a 

16 pre-amplifier 266 (Figure 8a). At the same eaid of tiie body is an eyebolt comection 

17 268 for pulling the tool through the tubular. 

18 Figure 8a shows the use of the tool 232 in a small diameter tubular in 

19 performing the TOFD test Aspreviously described with regard to the use of other 

20 tools, the wire line 18 is coupled to the eyebolt 268 and then back to the winch 

2 1 assembly 12 driven by a winch motor 14 and the winch assembly 12 is adapted for 

22 mounting to tiie flange 16. The wire line 18 is pulled over an idler pulley 98 which 

23 contactstheencoder90topreciselylocatethetool232withinthetubula^^ Thesignal 

24 cable 264 is wound to a talceup reel 88 to keq> slack out of the cable. Attheother 

25 end of the tubular are provided the drive means 260, a water supply connection 270 

26 for the water couplant, and an air supply connection 272 for coupling to tiie 

27 comection 252 (Figures 8b and 8c). 

28 To use the tool 232, the signal line 264 and the wire line 18 are fed through 

29 the tubular and connected to the tool. The air and water connections are made up. 



15 



wo 02/44709 



PCTAJSO 1/51194 



1 and rotating drive means 260 is connected Then, the tool is registered vdth the end 

2 ofthe tubular, and the encoder is ZCToeA The tool is the pulled through the tubxilar 

3 and rotated by the rotating drive means 260, imaging the tubular for internal flaws. 

4 The computer captures the image for later review and analysis. 

5 The principles, preferred ^bodiment, and mode of operation of the present 

6 invention have been described in the foregoing specification. This invention is not 

7 to be construed as limited to the particular forms disclosed, since these are regarded 

8 as illustrative rather than restrictive. Moreover, variations and changes may be made 

9 by those skilled in the art without departing fiom the spirit of the invention. 
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We claim: 

1. A method of inspecting a pipe comprising the steps of: 

a. visually inspecting the inside of apipe with a camera; 

b- detemiining wall thickness of the pipe with a corrosion 

mapping tool firom inside the pipe; and 
c. inspecting the pipe for flaws with a time of flight difi&action 

tool fix>m inside the pipe. 

2. The method of claim 1, further comprising the step of cleaningthe 
inside of the pipe prior to inspecting the inside of the pipe with a camera. 

3. The method of claim 2, wherdn the step of cleaning the inside of the 
pipe includes grinding the inside of the pipe to remove weld material that extends 
into the pipe to a point inside the nominal ID of the pipe. 

4. The method of claim 1, further comprising the steps of: 

a. prior to the step of visually inspecting the inside of a pipe, 
coupling the camera to a drawing system; 

b. prior to the step of determining wall thickness of the pipe with 
the corrosion mapping tool from inside the pipe^ coupling the 
corrosion mapping tool to the same drawing system as in step 
a.; and 

c. prior to the step of inspecting the pipe for flaws with the time 
of flight difB:action tool fiom inside the pipe, coupling the 
time of flight dif&action tool to the same drawing system as 
in step a. 

5. A system for inspecting a tubular comprising: 
a. an inspection tool; and 
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b. a drawing system coupled to the Aispection tool with a wire 
line, the drawing systraoi adapted to pull the inspection tool 
through the tubular. 

6. The system of claim 5, further comprising a decoder to locate the 
position of the inspection tool wi&in the tubular. 

7. The system of claim 5, wherein the inspection tool conq)rises a visual 
ixispection tool including a camera for visual inspection of the interior of the tubular. 

8. The system of claim 5, wherein the tool comprises a corrosion 
mapping tool. 

9. The system of claim 5, wherein the tool comprises a time of flight 
diffraction inspection tool. 

10. The system of claim 5, further comprising a cleaning tool adapted to 
be removably coupled to the drawing system. 

1 1. The system of claim 5, ii^erein the tool is selected fix>m the group 
consisting of a corrosion mapping fool and a time of flight difiQ:action tool, each of 
which is adapted to tiie coiqpled to the same drawing syst^. 

12. The system of claim 10, wherein the cleaning tool comprises: 

a. a wire brush; 

b. a centralizer ling adjacent the wire brush; 

c. a drive motor for driving the wire brush in a radial direction; 
and 
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(L adiiveamcoi^pledtothewirebniai,lJiecentr^^ 
the drive motor. 

13. The system of claim 12, wherein the drive arm comprises a pluiaKty 
of sections ad^rted to be coupled to^fber. 

14. The system of claim 12, wherein the cleanmg tool further comprises: 

a. a mount on which the drive motor is mounted; and 

b. at least two guide bars which sUdingiy extend into amdHary 
lines a<yacent the pipe. 

15. TheqrstemofcIaimlO,furtfaercomprisingarotarycutteradiacentthe 
wire brush. 

16. The system of claim 7, herein the visual inspection tool comprises: 

a. a camera carrier to hold the camera, the camera carrier 
adapted to be coupled to the wireline; 

b. a plurality of spring loaded wheels to retain the carrier inside 
thetubulai^and 

c. a signal line to couple the camera to a monitor. 

17. Thesystemofclaim7,whereinthevisualinspectiontoolcomprises: 

a. a centralizer sleeve adapted to coiq>le the camera to the 
wireline; and 

b. a signal line to coiq)le the camera to a monitor. 

1 8. The systemof claim 8, whereinthe corrosionm^qringtool comprises: 
a. a substantially cylindrical body defimng mutuaUy opposed 

ends; 
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b . a flange on each of the end^ of the body; 

c. a substantially circular seal plate on each flange; and 

d. a pulse echo transducer on the body. 



19. The system of claim 18,furtherconQprisingahubontheendplate,the 
hub including a coiq>ling ad^^ted to receive a water hose connection. 

20. The system of claim 19^ further comprising: 

a. awaterdiannelintfaehubtenninatingatthecoiq>li^ 

b. a fle3dble tube in fluid communication with the water channel; 

and 

c. apenetration through the body; wherein the flexible tube is in 
fluid communication with the penetration, and wherein the 
water channel, the flexible tube, and the penetration carry 
water to flood an annular chamber formed by the body, the 
seal plates, and the interior diameter of the tubular. 



21. The system ofclaim 18, iiirther comprising: 

a. a cable connector on one of the flanges to receive a signal 
&om the transducer, 

b. a signal cable to connect the cable connector to a computer 
exterior tiie tubular. 

22. The system of claim 9, vdierein the time of flight diffi:action tool 
comprises: 

a. a body; 

b. a left end cover; 

c. a right end cover; 
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carrier and slide assembly' within'the body between the left 
and right end co vcts, the earner and slide assembly including 
acamsin&ce; 

a set of yokes riding on and actuated by the cam surface; and 
a set of shoes, each shoes having a transduce moimted 
therein. 



23. The system of claim 22, further comprising a pneumatic actuator 
coupled to the carrier and slide assembly for linear movement of the cam surfece. 

24. The system of claim 22, furflier cominising a penetation through the 
rigjit end cover to receive a water couplant coimection. 

25. A time of fligjit diflSaction tool conqnising: 

a. a self-powered, remotely operable crawler having a plurality 
of magnetic wheels capable of holding the crawler in contact 
with the interior surface of a tubular; 

b. a time of flight difGraction transducer and receiver on the 
arawler; and 

c. anumbiUcalcouplingthetimeoffBghtdifl&actiontiansduc^ 
and receiver to a remote monitor. 
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